Last decade has seen a spurt in autonomous technologies in military and civilian sectors. The search for oil and gas is moving into ever deeper waters, and the need for coastal surveillance and climatic monitoring, makes underwater autonomous assistance quite obvious for a developing nation like India with thousands of kilometres of coastline. Using such platforms in these endeavours provides an efficient way to keep human life out of harm's way in hostile environments.
INTRODUCTION
The Underwater Autonomous Vehicle market is projected to be a $2 Billion market by the end of this decade. The Defence and the energy sector need the right support from AUV technology in order to meet their needs. Depleting reserves of fossil fuels will necessitate exploration in deeper seas in search of oil and gas. Recurring natural disasters and degrading oceanic ecosystem have increased the need for deep sea observation/surveillance. A robot impervious to freezing temperatures and the crushing pressure of the ocean will push the frontiers of deep sea exploration.
Offshore energy corporations, Exploration agencies and Defence entities around the globe today are looking towards autonomous platforms to achieve several tactical objectives. We have been developing a cost-effective Autonomous Underwater Platform aimed towards underwater exploration/monitoring. Equipped with a configurable and customizable payload of sensors, it can be deployed for a plethora of geological/oceanographic autonomous missions. Autonomous missions are crucial considering that underwater communication is complicated and not applicable over long distances.
MECHANICAL DESIGN
The mechanical structure follows a modular structure and is inspired by an initial version developed by the authors and their teammates for the International AUVSI Robosub 2011 event.
The basic structure is divided into control module and the mechanical module. The mechanical structure is divided into three parts (as seen in Fig. 1 ):
The front hull is the sensor module and houses all the sensors of the AUV. The rear hull is the power module, with the battery bank and the mid hull has the three thrusters and the manipulators attached to it. There are many aspects that need to be considered before finalizing the dimensions and design of the mechanical structure. Firstly, depending on the application, the internal components of the AUV need to be finalized. These include as mentioned above, the batteries, sensors, processors, propellers/thrusters, manipulators and related electronics. The selection of these components is essential at the very beginning For a body that is immersed in a fluid, Archimedes Principle governs its stability. The Archimedes principle defines the state of floating positoin of a body. However, to keep the pitch of the body in check, the moments caused by the buoyant force about the centre of gravity need to be balanced. In order to maintain zero pitch, the centre of gravity axis should coincide with the centre of buoyancy axis. This is an iterative process with changes in mechanical structure design change the centre of buoyancy of the AUV.
The three thrusters of the AUV provide it with three degrees of freedom. Two translational degrees of freedom in xaxis and z-axis, and the third rotational degree of freedom of the AUV is around it's z-axis (Fig. 2) .
SOFTWARE
Like the hardware structure, the software of the platform follows a modular approach. Its basic components are highlighted Fig. 3 .
As seen in Fig. 3 the core controlling unit of the platform is the central processors. Its purpose is two-fold. One part involved in determining and maintaining critical information about the vehicle like position, orientation, velocity, acceleration, and status of subsystems like power systems, communications systems, etc. The task of the mission planner is to use the information above to evaluate task completeness, determine next task to be completed and generate control signals for external actuators. Actuators here refer to both thrusters and any other physical manipulator attached to the platform.
As the platform is built to be generic in nature, it was essential to abstract out a lot of interfaces for the input and output part. This utilizes a registry mechanism to achieve the same. So whenever a new sensor is to be added, an adapter needs to be written for the same that takes the raw sensor data and maps to a format expected by the central processor. To make sure that the interface on which the adapter is written is generic enough, support was added for all commonly used types of sensors like IMUs, cameras, proximity sensors, temperature sensor, pressure sensor, GPS, etc. The registry mechanism holds true for the output signals but that is not as generic as the input interface since the range of control paradigm for output components vary greatly.
All the separate components run on separate threads (control flows). This kind of asynchronous approach takes care of another problem of control starvation and blocking. If the entire system ran on a single thread (control flow) then the smallest unit of iteration would be determined by the component with the smallest sampling requirement. Extrapolating on that design, the components that do not The processor updates its status from the sensor data store and computes the vital parameters like position and kinematic information. The planner in turns uses this data to compute the status of the current task and eventually the current mission. Depending on the computation of this status it generates the next set of instructions which are again translated into control signals for the physical actuators and manipulators.
The code was developed in Python. Python was chosen over C++ and Java because it is easier to write complex applications in Python. Like Java, Python has a higher compatibility with native device drivers like C++.
CONTROL SYSTEM
The AUV is a complex robot. Fully open loop control cannot help us achieve desired trajectory. So, a few control strategies and algorithms are formulated and implemented, so, as to have desired motion. They are as follows:
HEADING DETERMINATION AND HEADING CORRECTION
Assuming that, the AUV is pitch and roll-balanced (static balance due to mechanical design), the motion due to forward thrust from 2 surge thrusters will be planar. Magnetic Compass can be used in such cases to determine the heading. 
…1
We can find Hx and Hy from strength of magnetic field in those axes which are direct outputs from IMU. angle is then calculated as shown in equation (1), which gives us the magnetic heading. This is the process of heading determination. The process is summarized below.
Step 1: if Absolute value of (getHeading() -head) < δ continue the forward motion and go to Step 1. h = h = .
Step 2: H
Step 3: go to Step 1. The value of k1 needs to be tuned.
HEAVE MOTION
There are two major issues to be taken care of during heave motion:
Our AUV has just one heave thruster. It is observed that, when the heave thruster provides the thrust by means of rotation, an equal and counter-rotating torque acts on the AUV body which cannot be externally balanced. Gravity doesn't play any role and the drag forces help to reduce the magnitude of this torque. This causes our AUV to rotate along with vertical heave motion. The surge thrusters can be used to counteract this torque and a perfect vertical motion without any change in heading can be expected. This is known as Yaw correction in Heave motion. 
Here steady is the voltage level at which thrust force plus weight (approximately) balances the buoyant force. K2 is the tuning constant. Level is the desired depth to be maintained. Thvm is the thruster voltage at middle thruster.
TURNING
A self-developed control strategy is used to get accurate turns. The voltage applied is a function of theta or turn completed.
Here, angle is the desired turn to be made. K3 is the tuning constant. 
ELECTRONICS
The main computer of the platform is a general purpose computer powered by an INTEL ATOM board. This computer is small and consumes comparatively low power. A general computer also allows easier integration with secondary sub-systems. Ubuntu was used as the Operating System for this as it is one of the most customizable flavors of Linux.
An Arduino UNO micro-controller was used to control the physical thrusters. The thrusters had their own control chip, so no additional power modulation control was required. They accepted control signals, which were generated by the main computer and passed on to the thruster via the Arduino. The Arduino also took care of buffering the incoming instructions.
For the IMU a ArduIMU v3 was used. This is an opensource IMU manufactured by 3D Robotics. It has 3-axis gyros and accelerometers with a 3-axis magnetometer. So it provides accurate 3d orientation data and acceleration. It has an internal Arduino Atmega controller that crunches the raw data to provide with direct orientation data. This eliminates the need to do the conversion again at the main computer.
The cameras are directly connected to the main computer and the video stream is sent directly to the adapter, which looks for pre-programmed patterns and updates the sensor data store with the same. 
KEY FEATURES
The concept presented in this paper has a few key features and advantages over the other AUVs available commercially in the Indian market. Since, the concept was developed keeping in mind the requirements and the challenges of a developing economy like India, (both in terms of the finances as well as diverse applications), the presented solution is cost effective and has a high degree of customization, as per the intended application of the end user. A standout feature of the concept is its modular mechanical and software architecture design. Due to its modular nature, the cost of manufacturing of the mechanical structure is significantly reduced, which gives it a competitive edge in pricing. The modular software architecture increases the amount of re-usable functions between various software applications. The design also offers a high degree of customization based on the requirements of the end user. These include incorporation of specific sensors, manipulators and depth range.
CONCLUSION
The prototype concept presented in this paper has been developed and demonstrated, as well as has received awards at national events in India. The concept has been developed as a cost effective solution for developing countries. The presented design has significant advantage over the commercially available AUVs in the Indian market, with respect to degree of customization and cost, and has a potential to make its own niche in the market.
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